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This listing of the claims will replace all prior versions, and listings, of claims in the 
application. 

I astiiyy of CI aims : 

Claim 1 (Ciirrenlly amended). A method of efficieully generating holograms h aving 

diffr action offici e ncy up to-aiyrex4ffl atoly 100% from photo-thermo- refractive (PTR) glasses 

having a d iffraction efficiency of at least approxima tely 90%, comprising the steps of: ^ 

providing a PTR glass blank having a total contamination with iron and heavy metals 
below 5 parts per million; 

cxpostJig the PTR glass blank with a UV light source or other source of ionizing 
radiation to create prccmsors of nucleation centers which arc color centers and ions with 
changes in valence states; 

exposing the UV exposed PTR glass blank containing precursors of nucleation 
centers with a high-power Visible light source greater than approximately 10 MW/cm^ to 
decrease concentration of the precursors to decrease the rate of crystallization at the 
development stage t hereby increasing to increase a refractive index in the PTR glass aflcr 
exposure to the visible light to record the hologram , wherein the visible light exposure of the 
U V exposed PTR glass blank results in o artial nonhnear h-ansfo)"mation of nucleation centers : 

thermal treating the PTR glass exposed to both the UV and high-power Visible 
radiation to provide phase transformation depending on an amount and a power density of the 
high-power Visible radiation; 
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cooling the thennal treated PTR glass to room temperature to provide refractive index 
viirialions according to the amount and Ihe power density of the high-power Visible 
ra di at i on . whcreia a difference between refraciiye indices in the UV exposed areas and th e 
UV and visible lig ht exposed areas allows hologram rccordinc by visible liglit radiati on; and 

restorit^ gep }jiying die hologram from Ihc exposed and thermal treated PTR glass by 
long wavelength radiation. 

Claim 2 (Canceled). 

Claim 3 (Currently amended). The method of claim 1 olaim 2 , wherein the step of 
exposing with UV light source includes a range of approximately 280 to approximately 350 
nm. 

Claim 4 (Currently ainended). The method of claim 1 claim 2 , wherein the step of 
exposing with die UV light source is approximately 325nm. 

Claim 5 (Currently ainended). The method of claim L claim 2 . wherein the step of 
exposing with Visible light source includes a range of approximately 450 to approximately 
600 nm. 

Claim 6 (Currently amended). The method of claim 1 claim 2 ^ wherein the step of 

exposing with a Visible light source includes: approximately 532 nm. 
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Claim 7 (Original). The method of claim 1, wherein ihe step of exposing with a Visible 
light source includes: a high power source generating at approximately 10 megawatts/ cm^ to 
approximately 100 gigawatls/ cm^. 

Claim 8 (Original). Tlic method ofclaim 7, wherein the high power source generates at 
npproximntely 100 megawatts/ cm^ 

Claim 9 (Original). The method ofclaim 7, wherein the high power source generates at 
approximately 10 gigawatts/ cm^ 

Claim 10 (Original). Tlic method of claim 1, wherein the step of generating a hologrum 
includes the step of: 

generating a simple hologram having substantially planar suriFaccs of equal refractive 

index. 

Claim 1 1 (Original). Tlic method ofclaim 1 , wherein the step of generating a hologram 
iiieludcs tlic step of: 

generating a complex hologram having substantially cui-ved surfaces of equal 
refractive index. 

Claim 1 2 (Original). The method of claim 1 , wherein ihe slep of thermal treating includes 
the step of: 



4 



PAGE 8/26 ' RCVD AT 1(29/2007 5:38:56 PM [Eastern Standard Time] ' SVR:USPTO{FXRF-6i42 ' DNIS:2738300 ' CSID:321 633 9322 ' DURATION (in[n-ss):0848 



JAN-29-2007 NON 07:03 PM BRIAN S STEINBERGER PA 



FAX NO. 321 633 9322 



Appl No.: 10/665,339 



Atty. Dkt. UCF-397C1P 



ihcnnal treating ihe PTR glass in a icmpcralare region ranging rroni approximately 
480 to approximately 580°C for a period of from a few minutes to several hours appropriate 
for phuse transformation. 



pliolo-lhcmio-rcfractivc (PTR) glasses, comprising tlic steps of: 

providing a PTR glass blank having a total contamination with iron and heavy metals 
below 5 paits per million; 

exposing the entire PTR glass blank witli a UV light having a wavelength wilhin ihc 
limits of the UV spectrum to produce color centers; 

exposing the UV exposed PTR glass with a liigh-power Visible Ught source for 
optical excitation of the color centers to paitially bleach the color centers to record u 
phase holoara m by refractive index modulati on, the partial bleaching being non linear clue to 
the liifih-powcr Visible light exposure; 

thermal treating the U V and Visible light exposed PTR glass; and 

cooling the thermal treated PTR glass to generate a holographic optical component 
from the thermal treated PTR glass for a visible region. 

Claim 1 4 (Previously presented). The melhod of claim 13, wherein the cooling step to 
generate the optical component includes the step of: 

generating the optical component fiom one of a lens or multi-lens objective, a 
combination of a prism or mirror with lenses, and a divergent/convergent beam 
spli ller/combincr. 



Claim 13 (Currently amended). 



A method of generating optical components from 
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Claim 15 (Currently amended). An apparaUis comprising: 
a photo sensitive refractive (PTR) glass; 

a UV source for exp osin g the PTR gla s s to nroiluce a P TR^asg having 
photosensitivity to visible Hght caused by the UV exposure to create color centers in the PTR 
glass> tho PTR glass having a total contamination with iron and heavy metals below 5 parts 
per million; 

a visible light source for exposing the UV exposed PTR glass to Visible light greater 
than approximately 10 MW/cm^ to increase a refractive index in the PTR glass for non linear 
bleaching of the color centers; 

means for thermal treating the U V and Visible light treated PTR glass lo fabricate a 
hologram or a phase plate from the PTR glass for a visible region, the hologram genera ted bv 
rclVacti yc index modulatiq iLhav ing a diftroc tio n efficiency up -to-aptHexiH«itely^4^Q%; and 

means for Uiiing the PTR glass as one of a refractive and a diffraclive volume 
holographic optical clement based on modulation of a refractive index and an increment-ol^ 
rcfractivo i fide x, r e sp e otivcly . 

Claim 1 6 (Previously presented). The apparatus of claim 1 5, wherein the UV exposure 
includes a range of approximately 280 nm to approximately 350 nm. 

Claim 17 (Previously presented). The apparatus of claim 16, wherein the UV exposure is 
approximately 325 nm. 
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Claim 1 8 (Previously prcscnled). ITic apparatus of claim 1 5, wherein the Visible light 
exposure includes a range of approximately 450 nm to approximately 600 nm. 

Claim 19 (Previously presented). TIjc apparatus of claim J 8, wherein the Visible light 
exposure is approximately 532 nm. 

Claim 20 (Previously presented). The apparatus of claim 15, wherein the ihemial 
trcatnieat means includes a range of approximately 4S0 to approximately 580°C for a period 
of from a few minutes to several hours appropriate for phase transformation. 

Claim 21 (Previously presented). The apparatus of claim 15, wherein the holographic 
optical clement includes: a simple hologi am having substantially planar surfaces of equal 
refractive index. 

Claim 22 (Previously presented). The apparatus of claim 1 5, wherein the holographic 
optical element includes: a complex hologram having substantially curved surfaces of equal 
refractive index. 

Claim 23 (Cuirenlly amended). A method of generating refractive optical elements 
from photo-tliermo- refractive (PTR) glasses^ comprising tlic steps of; 

providing a PTR glass having a total contamination willi iron ajid heavy metals below 
5 parts per million; 
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exposing PTR glass wilh a source of lJV_i0mgmg radiaiion for gcncralion of color 

centers; 

exposing the UV exposed PTR glass wilh a high-power Visible light source for 
nonlinear partial bleaching of tlie color centers; 

tlicrmal treating the U V and Visible light exposed PTR glass for spatial modulation of 
a refractive indcx > whereiii after thermal treatment a refractive index in the. UV and V isible 
U Aht exposed area is higher than in a single exposed area and Inwnr ihan in unex posed are as: 
and 

Festering rcplayiim a hologram haviftg^P' to approxim atel y 1 00% di ffraotieft 
effieiettey from the thermal treated PTR glass. 

Claim 24 (Original) The method of claim 23 wherein the source of ionizing radiation is a 
UV Ught source. 

Claim 25 (Previously presenled). Tho method of claim 25, wherein the refractive optical 
elements are lenses, waveguides, waveguide arrays, a multiplexer, demultiplexer and a 
combination multiplexer/dcmuUiplexer devices. 
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